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In the A(t>-Ari correlation associated with a near-side jet observed by the STAR Collaboration 
in heavy-ion collisions at RHIC [Ref. 1-6], the ridge structure can be explained by the momentum 
kick model in which the ridge particles are identified as medium partons which sufi'er a collision 
with the jet and acquire a momentum kick along the jet direction. If this is indeed the correct 
mechanism, the ridge structure associated with the near-side jet may be used to probe the parton 
momentum distribution at the moment of the jet-parton collision, leading to the result that at 
that instant the parton temperature is slightly higher and the rapidity width substantially greater 
than corresponding quantities of their evolution product inclusive particles at the end point of the 
nucleus-nucleus collision. 

PACS numbers: 25.75.-q 25.75.Dw 



I. INTRODUCTION 

Recently, the STAR Collaboration [H, 0, i, i, i, i] observed a A(j)-Ar/ correlation of particles associated with a jet 
in RHIC collisions, where and Arj are respectively the azimuthal angle and pseudorapidity differences measured 
relative to a trigger jet particle. The experimental measurements, as shown in Fig. la and discussed in detail in Refs. 
[J, [3, H, 0j H, [1] J reveal the following features of the "ridge phenomenon" : 

1. There are particles associated with the trigger jet within a small cone of {Acfi, A77) ~ (0, 0) which belong to the 
remnants of the near-side jet component. The near-side jet yield is independent of the number of participants. 

2. In addition, there arc particles associated with the trigger jet within a small range of A(j) around A(f> — but 
distributed broadly in A?/. These associated particles can be separated as the ridge component associated with 
the trigger jet. 

3. The yield of the ridge component increases approximately linearly with the number of participants and is nearly 
independent of (i) the flavor content, (ii) the mcson/hypcron character, and (iii) the transverse momentum pt 
(above 4 GcV) of the jet trigger [1, 0, The ridge yield has a temperature that is similar (but slightly higher) 
than that of the inclusive yield, whereas the near-side jet component has an appreciably higher temperature. 

While many theoretical models have been proposed to discuss the jet structure and related phenomena 0, H, B 
[Til, [l^. [isj . the ridge phenomenon has not yet been fully understood. We would like to propose a simple "momentum 
kick model" which gives the salient features of the ridge phenomenon. We would also like to discuss the related 
implications of using the ridge structure to probe the parton momentum distribution at the moment of the jet-parton 
collision. 

This paper is organized as follows. In Section II, we introduce the momentum kick model which involves the 
momentum kick along the jet direction and the parton momentum distribution at the moment of the jet-parton 
collision. In Section III, we discuss the parametrization of the initial parton momentum distribution. In Section IV, 
we examine the effects of the momentum kick and the initial rapidity width on the final momentum distribution after 
the jet-parton collision. Adopting the hadron-parton duality, we compare the experimental data with momentum kick 
model results in Section V. In Section VI, we study the ridge structure with identified particles. In Section VII, we 
examine other predictions of the momentum kick model. In Section VIII, we present the conclusions and discussions. 

II. THE MOMENTUM KICK MODEL 

Experimental observation (3) above concerning the properties of the ridge particles implies that these particles 
are associated with partons in the produced dense medium and much less with (i) the fiavor content, (ii) the me- 
son/hypcron character, and (iii) the transverse momentum pt (above 4 GeV) of the trigger jet. We are led to such 
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(a) Experiniental Data 




(b) Momentum Kick Model 

FIG. 1: (a) The experimental yield of associated particles as a function A(/!> and At; 0], showing both the near-side jet at 
(A0, A?7) ~ (0,0) and the ridge structure at A0 ~ and IA77I > 0.5. (b) The unnormalized yield dN/dArjdA<j}ptdpt in the 
momentum kick model for the description of only the ridge component, calculated for pt = 2 GeV with q = 0.8 GeV, ay = 5.5, 
and T = 0.47 GeV. 

a suggestion of medium partons because the associated ridge particles bear the same "fingerprints" as those of the 
inclusive particles, including their various particle yields increasing with the participant number and their having 
nearly similar temperatures. These characteristics suggest that the ridge particles originate from the same material 
as the produced partons of the dense medium, which later cool down and materialize also as inclusive particles. 

Experimental observation (2) above regarding the narrow A<f) correlation of the ridge particles with the jet implies 
that these ridge particles of the produced dense medium acquire their azimuthally properties from the jet. The most 
likely explanation is that these ridge particles are medium partons which suffer a collision with the jet and acquire a 
momentum kick and the jet's directionality. 

Therefore, to describe the ridge distribution, we propose a simple momentum kick model that incorporates the 
essential elements of the experimental observations. The momentum kick model contains the following ingredients: 

1. A near-side jet occurs near the medium surface and the jet collides with partons in the medium on its way to 
the detector. 

2. The jet-parton collision samples the momentum distribution of the collided medium partons at the moment of 
the jet-parton collision. Because of the condition for the occurrence of the near-side jet, these collided medium 
partons arc near the surface and each collided parton suffers at most one collision with the jet. 

3. The jet-parton collision imparts a momentum kick q to the collided parton in the direction of the jet. The 
momentum kick modifies the parton initial momentum distribution Pi{Pi) to turn it into the collided parton final 
momentum distribution Pf(pj). After the collided partons hadronize and escape from the surface without further 
collisions, they materialize as ridge particles which retain the collided parton final momentum distribution. 
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In mathematical terms, the final momentum distribution of the medium partons which suffer a collision with the 
jet is, 

PfiPf) =J^Jdci P.(pOn(q) Ef6{pf - p. - q). (1) 

By normalizing the momentum kick distribution Pq{cO as 

J dqP,{q) = 1, (2) 

the kinematic quantities Ei and Ef in Eq. ([T]) ensure the conservation of collided parton numbers before and after 
the jet-parton collision. 



(3) 



In the context of the present paper, the initial and final moment distributions Pi{Pi) and Pf{pf) refer to the momen- 
tum distributions before and after the jet-parton collision respectively, not to be confused with the initial and final 
momentum distributions at other instants of the nucleus-nucleus collision. 

The momentum kick distribution Pq{q) for the momentum q imparted from the jet to a collided medium parton 
is not a quantity that can be obtained from rigorous first-principles of QCD at present, as many non-perturbative 
properties of the medium and of the collision process are not known. For the present analysis, of particular interest 
are the general features of this momentum kick that a collided parton experiences. We know that this momentum 
kick will be distributed within a narrow cone along the jet direction. While a future refinement to describe this cone 
distribution is possible, it is illuminating at this stage to introduce as few parameters as possible for the description 
of this momentum kick, in order to spell out the dominant effects of the jet-parton collision process. Accordingly, we 
shall use a single parameter q to describe the momentum kick distribution simply as 



(4) 



where 9 = |q| > 0, and e^et is the unit vector along the jet direction. The simplicity of the model allows us to obtain 
analytically from Eq. ([1]) the distribution of partons after suffering a jet-parton collision as 



PfiPf) 



PdP:] 



v/m2 + 



Pt 



(5) 



III. PARAMETRIZATION OF THE PARTON MOMENTUM DISTRIBUTION 



In Eq. (I5|), the initial and final parton momentum distributions can be presented in terms of Cartesian momentum 
components in the collider frame, p ~ ipi,P2iP3), with a longitudinal component, a transverse pi component, and 
a P2 component perpendicular to both the pi axis and the p^ axis. The coordinate axes can be so chosen that the 
trigger jet lies in the pi-ps plane. The parton momentum distributions can alternatively be represented in terms of 
the rapidity y, the transverse momentum pj, and the azimuthal angle cf). They are related to each other. By changing 
the variables from the Cartesian components pj? = {pfi,pf2,Pf3) to {yf,(j)f,ptf), we have 



PfiPfl,Pf2,Pf3) = 



Ef dN 



f 



dNf 



dpfidpf2dpf3 

Similarly, for the initial parton momentum distribution we have 



dyfd(j)fptfdptf 



PtiPil,Pi2,Pi3) 



dN, 



dy^d(j)^ptidpti 

The momentum kick model with a simple delta function momentum kick distribution then gives from Eq. ([5]) 



dNf 



dyfd(j)fptfdptf 



dN 



E 



dyid(j)ipudpu E, 



(6) 



(7) 



(8) 



p,=Pj-qe, 
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The experimental data are presented not as a rapidity distribution but as a pseudorapidity distribution of the final 
particles. We need to convert dNf/dyf... to dNf/dr]f... and we have 



dNf _ dNf 



d7]fd(pfptfdptf dyfd(j)fpt fdpt / V cosh^ yf 



(9) 

:/ y m-j: cosn yf 

where m is the rest mass of the parton and rritf = ^Jm^ + pf^ . 

The above analytical results allow us to evaluate the momentum distribution of the collided partons. We also 
expect that as the near-side jet occurs near the medium surface, the collided partons also reside near the surface. The 
energetic collided partons will likely not suffer additional collisions before they hadronize and emerge from the surface 
as ridge particles. The ridge particles should possess the properties of the energetic collided parton final momentum 
distribution. We shall therefore assume hadron-parton duality and identify the momentum p of the associated particles 
as the final momentum P/ of the energetic partons after the jet-parton collision in Eqs. ([S]) and 0. This will allow 
us to identify the distribution dNf /drjfdcjjfptfdptf of Eq. ([9]) as the observed distribution dN / drjd(j)ptdpt of associated 
ridge particles, to be compared with experimental data. 

The parton-hadron duality is a reasonable description for the hadronization of energetic partons. We can consider 
an energetic quark parton [or a {qq)^ color-triplet cluster parton of two antiquarks] of various flavors and masses. 
The quark parton [or the (99)3 cluster parton] can pick up an antiquark from the sea, which arises spontaneously in 
a quark-antiquark fluctuation in the medium, and can subsequently emerge out of the medium to become a colorless 
hadron. Similarly, an energetic antiquark parton [or a {qq)^ cluster parton of two quarks] can pick up a sea quark and 
can subsequently emerge as a colorless hadron. On the other hand, an energetic gluon parton can turn itself into a 
color-octet {qq)s, pair which can subsequently emit a soft gluon to become a colorless color-singlet {qq)i quarkonium 
when it emerges from the medium. For energetic partons, the loss of momentum and energy in picking up a sea 
quark or antiquark, or emitting a soft gluon, can be approximately neglected. The result is then the (approximate) 
parton-hadron duality for energetic partons we are considering in the present analysis. 

We shall describe the initial momentum distribution of partons on the right-hand side of Eq. ([5]) by a Gaussian 
distribution in rapidity yi with a width parameter (the standard deviation) cjy, a thermal transverse momentum 
distribution characterized by a 'temperature' T, and a uniform azimuthal distribution in (pi, 



dN. _ ..-.?/2.-exp{-7;^^/T} ^^^^^ 



dyid(j)tpudpti i/m^ + p"^. 

(27r)3/^CTyJ 

where Ni is a total number of partons that collide with the jet. Note that the 'initial parton temperature' T has been 
introduced using the above form of the transverse momentum distribution. This functional form has been chosen to 
give a simple description of the experimental central collision inclusive transverse momentum spectrum from 0.2 GeV 
to ~4 GeV, characterized by an inclusive 'temperature' Tind = 0.40 GeV [see Fig. 5(a) below]. To be consistent, we 
expect the initial parton temperature T introduced here to be higher than the temperature Tinci of inclusive particles, 
as the initial partons will presumably cool down and evolve to become the inclusive particles at the end-point of 
parton evolution. 

For a trigger jet with a transverse momentum ptjet a-t a pseudorapidity rjjet, we have 

jPjet I =Ptjet cosh 77jet, (11) 

and 

PSjet = Ptjet sinhjyjet. (12) 
As a consequence, the unit vector along the jet direction is 

ei + sinh ryjetea 



"jet 



cosh 'qje 



(13) 



where ei and 63 are unit vectors along the pi and p3 directions, respectively. The final momentum distribution is 
therefore 



dNf 



dr]fd(j)fptfdptf 



mti Ei 




— T^' (14) 

m^^cosh yf 
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where the initial momentum ~ (pii,Pi2iPi'i) is related to the final momentum = (p/i,P/2,P/3) and the trigger 
jet rapidity r]jet by 

Pil = Pfi ^ , (15a) 

coshr/jet 

Pt2 = P/2, (15b) 
q sinh rjj 
coshrjjet 



= Pf3-—r—, (15c) 



and Hi and mu are the initial rapidity and transverse mass 

2 E^-p,3 



1, Ei+pa 



mu = ^Jm^+pl+pl. (17) 

The number of partons that collide with the jet Ni is an overall normalization constant. At this stage, we shall 
examined "unnormalized" distributions dN / dlS.rjd/S.(f)ptdpt with Ni set to 1 in Figs. 1, 2, 3, and 8, so that the results 
can be rescaled when normalized experimental data are available. For numerical purposes, we take Til — Tti-^ , the mass 
of the pion, unless indicated otherwise. 



IV. DEPENDENCE OF THE RIDGE STRUCTURE ON THE MOMENTUM KICK AND THE 

RAPIDITY WIDTH 

Experimental data are presented in terms of Ajy ^ rj — rjjet and A0 = (/> — 4' jet, relative to the trigger jet rjjet and 
(j)jet- We can obtain dN / dAridA(t)ptdpt relative to the jet pseudorapidity and azimuthal angle from dN / dr]d(f>ptdpt by 
a simple change of variables. For such a purpose, we need the experimental pseudorapidity distribution of the trigger 
jet in STAR measurements, [l^ 

dN.et 9(0.85 -|7?,et|) 
drjjet 1.7 

We shall see in the next section that a reasonable set of parameters that can reproduce the main features of the 
experimental data are q = 0.8 GeV, dy = 5.5, and T = 0.47 GeV. To examine the effects of the the momentum kick 
and the initial parton momentum distribution on the A^-Ayy correlation, we shall vary one of the three parameters 
of {(J, (Ty, r} in this set, with the remaining two parameters being held fixed. 

We show in Fig. 2 the unnormalized yield dN / dAr]dA<j>ptdpt of ridge particles at pt = 2 GeV obtained in the 
momentum kick model for different values of q. Figs. 2(a), 2(b), and 2(c) are for q = 0, 0.4, and 0.8 GeV respectively, 
the other parameters being fixed as dy = 5.5 and T = 0.47 GeV. They are calculated with iV^ = 1 in Eqs. pOap and 
(jlObp for pt = 2 GeV. As one observes in Fig. 2(a), when the momentum kick is zero the distribution is essentially 
flat in A</) and Arj. [There is a small variation of the distribution along the A77 direction, but with ay = 5.5, the 
variation is too small to show up in Fig. 2(a).] When there is a non-zero momentum kick, the distribution develops a 
peak at A(j> = and a ridge along the A77 direction. The height of the peak increases and its width decreases, as the 
magnitude of q increases. 

It is easy to understand how a peak structure at A<j> = along the A<j> direction arises in the momentum kick 
model. Consider a parton with a final momentum P/ = (r]f,A(l),ptf) at a fixed pseudorapidity r]f and transverse 
momentum ptf with various azimuthal angles A(j). Under the action of a momentum kick along the jet direction, the 
square of the magnitude of the initial parton transverse momentum p^ is related to the final transverse momentum 
Ptf by 

p% = pff -2ptf q cosAcj)/ coshrjjet + q^ / cosh^ -qjet (19) 

The magnitude of the initial transverse momentum pu is a minimum at A^ = 0, and it increases mono- 
tonically as A<f> increase to tt. Because the initial transverse momentum pu is distributed according to 
exp{— A^m^ + p1i/T} / ^Jm? + p^^, the probability distribution decreases for increasing pu. Thus, there are more 
collided partons at A(f) = than at A^ = tt, for the same observed final transverse momentum ptf. The case of 
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(c) q = 0.8 GeV 




FIG. 2: Th results of the the momentum kick model for the unnormalized yield dN / dArjdAcpptdpt of associated ridge particles 
at pt = 2 GeV, as a function and Arj. Figs. 2(a), 2(b), and 2(c) are for q = 0, 0.4, and 0.8 GeV respectively. 




FIG. 3: The results of the momentum kick model for the unnormalized yield dN / dArjdA<pptdpt of associated particles at 
Pt — 2 GeV as a function Acf) and Arj. Figs. 3(a), 3(b), and 3(c) are for ay = 2.3, 3.9, and 5.5 respectively. 



azimuthal angles between Ac/) = and Acj) = n gives a momentum distribution in between these two limits, resulting 
in a peak structure in Acj) centered at Ac/) = 0. The height of the peak increases and its width decreases, as q increases. 

While the narrow peak as a function of A0 depends mainly on the momentum kick q, the ridge structure along the 
Ar] direction depends mainly on the initial rapidity distribution. The rapidity distribution of inclusive experimental 
data for central Au-Au collisions at ^/snn = 200 GeV can be well described by a Gaussian distribution with a rapidity 
width parameter of ay = 2.3 which agrees with the Landau hydrodynamics prediction of ay = 2.16 within 5% [15| . 
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We would like to see whether the ridge structure associated with the near-side jet can be described by such a rapidity 
width parameter. We would also like to see how the ridge structure depends on the rapidity width parameter ay. 

Accordingly, we carry out calculations in the momentum kick model for ay = 2.3, 3.9, and 5.5 and the results of 
the unnormalized yield dN / dAr]dA(j>ptdpt are shown in Figs. 3(a), 3(b) and 3(c) respectively. In these calculations, 
the other parameters are kept fixed as g = 0.8 GeV and T = 0.47 GeV, and the results are obtained for pt = 2 GeV. 

As one observes in Fig. 3(a), the distribution dN / dAridA(j>ptdpt for ay = 2.3 has a ridge with a steep slope toward 
the maximum peak along the A77 direction at A(f) ~ 0. The slope of the ridge appears to be too steep compared 
to the experimental data (see also Fig. 4(b) below), when the distribution is matched with the magnitude of the 
experimental data. Apparently, the width parameter that describes the inclusive rapidity distribution data cannot 
reproduce the ridge structure associated with the jet. 

The ridge becomes broader along the Arj direction as ay increases. When we increase the ridge width parameter 
to ay = 3.9 and ay = 5.5, the slope of the ridge becomes less steep as shown in Figs. 3(b) and 3(c). 

V. COMPARISON OF THE MODEL WITH EXPERIMENTAL DATA 

We compare the momentum kick model results with the experimental data Q at specific cuts in A77 or Acj) in Fig. 
4 and with the two-dimensional A^-At; distribution in Fig. 1. The experimental data contain both the near-side 
jet and the ridge component, in addition to other unknown contributions at |A0| > 1. The near-side jet component 
shows up as a peak at (A0, A77) (0,0), and the ridge component at A(j> ^ with a relatively flat ridge along the 
Ar] direction. 




FIG. 4: The unnormalized experimental associated particle data [3| shown as solid circular points, compared with the solid 
curves calculated in the momentum kick model for pt = 2 GeV with q = 0.8 GeV, ay = 5.5 and T = 0.47 GeV. The solid 
curves are normalized by matching theoretical results with the experimental data at (A<^, A77) — (0,-1.7). Fig. 4(a) gives 
dN / dAridA(j>Ptdpt as a function of at Ar; = —1.7. Fig. 4(b) gives dN / dArjdAcpptdpt as a function of Arj at A(j) — 0. The 
dashed, and dash-dot curves are the momentum kick model results by varying q in Fig. 4(a), and varying ay in Fig. 4(b). 

As the ridge component has not been cleanly separated, we shall be content at this stage with a qualitative analysis 
to compare the results of the momentum kick model only with the ridge portion of the experimental data Q , without 
considering the near-side peak at (Acf), Arj) ~ (0,0) and other contributions with \ A<f>\ > 1. 

We find that the 'best-fit' set of parameters q = 0.8 GeV, ay = 5.5, and T = 0.47 GeV gives a reasonable qualitative 
description of the ridge component of the experimental data, as shown by the solid curves in Figs. 4(a) and 4(b). In 
these comparisons, the theoretical calculations are normalized by matching the experimental distribution Q at the 
point (A0, Ar]) = (0, —1.7) with the momentum kick model result calculated with the set of parameters q = 0.8 GeV, 
ay = 5.5, and T = 0.47 GeV. The experimental data points are taken from Ref. Q and shown in Figs. 1(a) and 4. The 
experimental background is taken to be 405 x 10"^ entries such that the lowest data point, at (A0, A77) = (1.2, —1.7), 
is nearly at the background level. The data in Fig. 4 have not been corrected for V2 elliptic flow. The V2 corrections 
involves the product of W2(jet) ~ 0.1 and the 1)2 (associated particles) ~ 0.05 and will probably modified the resultant 
parameters only slightly. It will be of interest to readjust the parameters when the ?;2-corrected data become available. 

We study the variation of shape of the ridge structure as a function of q at Arj = —1.7 in Fig. 4(a), and separately 
as a function of ay at A(p = in Fig. 4(b). We calculate the yield dN / dA-qdA(j)ptdpt at pt = 2 GeV for values 
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of q and <Ty different from those in the best-fit set, using the same normahzation as used for the best-fit set. The 
results of using parameters different from the best-fit set are shown as the dashed and dash-dot curves in Figs. 4(a) 
and 4(b). One notes that many features of the theoretical results of these dashed and dash-dot curves do not match 
those of the experimental data. For example, in Fig. 4(a) for q = 0.4 GeV, the full width at half maximum is about 
~ 2.4 which is much greater than the experimental full width at half maximum of about At/) ^ 1.2. In Fig. 
4(b) for (Ty = 2.3, the ridge yield increase by a factor of about 1.7 when A77 increases from -1.7 to -0.7, whereas the 
experimental data shows an increase of only a factor of about 1.2. In contrast, the solid curves obtained with the 
best-fit set of parameters, q — 0.8 GeV, ay — 5.5, and T = 0.47 GcV, give a good representation of the ridge data. 

To compare the two-dimensional distributions, wc plot in Fig. 1(a) the experimental yield Q and in 1(b) the 
unnormalized yield dN / dArjdAcjjptdpt in the momentum kick model, as a function of both A0 and Arj, at pt — 2 GcV 
using our best-fit set of parameters, q = 0.8 GeV, (Jy — 5.5, and T = 0.47 GeV. The general two-dimensional features 
of the ridge are qualitatively reproduced. A more careful quantitative analysis of the ridge structure will need to 
await quantitative data in which the ridge component can be cleanly separated. Ridge measurements extending to 
greater values of It;! will also be of great interest in determining more accurately the rapidity width parameter try and 
finding out whether the initial rapidity distribution may be non-Gaussian at the moment of the jet-parton collision. 




FIG. 5: The central collision transverse momentum distributions of (a) inclusive particles and (b) ridge particles. The solid 
curve in (a) is the theoretical distribution of dN/ptdpt oc exp{—mt /Ti„ci} /rnt with Tind = 0.40 GeV, and the data points are 
from Refs. [J] and 0]. In Fig. 5(b), the data points are experimental ridge yield (proportional to dN/dpt) 0]- The dash-dot, 
solid, and dash-dot-dot curves are the dN/dpt results of the momentum kick model for T — 0.50, 0.47, 0.40 GeV, respectively. 
They are calculated with q = 0.8 GeV and ay = 5.5 and normalized to match the data point at pt,as3oc = 2.13 GeV. The 
dashed curve is theoretical results of dN/dpt oc pt exp{—mt/Ti„ci}/'mt with T = 0.47 GeV and no momentum kick. 



We can now examine the transverse momentum distribution of the ridge particles. We show in Fig. 5(a) and 5(b) 
the transverse distribution data of inclusive particles [l| and ridge particles respectively, together with theoretical 
fits. The inclusive dN/ptdpt data in Fig. 5(a) can be described by a distribution of the form Aexp{— TOj/Tj„ci}/'7it 
with an inclusive 'temperature' parameter Tinci = 0.40 GeV. The ridge particle yield calculated in the momentum 
kick model for different values of T are given in Fig. 5(b) and coinparcd with the experimental transverse yield 
(proportional to dN/dpt) for a jet trigger of 4 GeV < ptrig < 5 GeV In this comparison, wc have normalized the 
results from the momentum kick model by matching the theoretical dN/dpt results with the experimental data point 
at pt,associated = 2.13 GcV. Tlic transvcrsc momentum distribution from the momentum kick model with T — 0.47 
GeV, represented by the solid curve, agrees well with data, whereas the results from T = 0.40 GeV and T = 0.54 
GeV given by the dash-dot and dash-dot-dot curves do not agree with the ridge transverse distribution. As a further 
comparison, we show also the theoretical transverse momentum distribution dN/dpt oc ptexp{— (mt — m)/T}/mt 
with T = 0.47 GcV without the momentum kick as the dashed curve. Comparison of the solid and the dashed curves 
indicates that the shape of the transverse momentum distribution in this pt region is changed only very slightly by 
the presence of the momentum kick q. 

The results of Fig. 5(a) and 5(b) indicate that the parton medium at the moment of jet-parton collision has a 
temperature higher than the temperature of the inclusive particles at the endpoint of parton evolution, as noted 
earlier in a different parametrization of the transverse momentum distribution [S, 0, • 
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VI. STUDY OF THE RIDGE STRUCTURE WITH IDENTIFIED PARTICLES 

Recent measurements with identified trigger particles and identified ridge particles provide useful information 
on the ridge phenomenon. The gross structure of the ridge is nearly unaffected by the flavor, the meson/hyperon 
character, and the transverse momentum (above 4 GeV) of the trigger jet. This implies that (i) the parton-jet 
interaction is approximately independent of the jet structure, and (ii) the momentum kick q suffered by the parton in 
a jet-parton collision is, to the lowest order, a constant quantity. Finer dependencies of q on the invariant mass and 
flavor of the jet trigger are possible and may be explored by future accurate measurements. 

We shall first present some general results concerning the ratio of local yields at a specific transverse momentum 
pt for identified associated ridge particles within the momentum kick model. Specifically, for two parton species with 
parton masses mi and m2 with parton numbers A^i and N2 , the momentum kick model gives the final ratio at pt 

dNi/ptdpt{mi,pt) dN'l"''^^ /ptdpt{mi,\pt~ q\) (init) 
= dN2/pMm2,p,) - dNrVpMm2Ap,-q\) " ^''^ 

relating the observed ratio of the species at pt to the ratio of the initial parton distributions at a lower momentum, 
\pt — q\, displaced by the momentum kick q. If the mt scaling of the initial parton distribution in the form of Eq. (10) 
is a good description, then the initial transverse momentum distribution ratio is given by 

dN["^'^^ /ptdpt{mi, \pt - q\) 



Rml/m2{Pt) - (init) 



dN!^ ' /Ptdpt{m2,\pt~ q\) 



Ni e-"^/^ + {pt - q)^ exp{- ^mf + {pt - qf /T} 

N2 e™=/^ ^ml + [pt ~ qY c^-^ml + [pt - qY /T} ' 



(21) 



For Pt » mi, 7712, 



Rm.l,m2{Pt) - ^e^™-"^)/^, (22) 
JV2 



which is independent of pt- For \pt — q\ (if the model remains valid), 

iVi TO2 

Rml/m2KPt) ^ -TT • 23) 

' N2 mi 

It will be of interest to examine how these results can be confronted with experimental measurements of different 
species among the ridge particles. 

In the experiments performed by the STAR Collaboration, the ratio of the yield of various identified particles have 
been obtained not at a single pt but over a range of pt with trigger particles spanning over a range of transverse 
momenta. Specifically, the experimental A/i^° ratio was obtained for Au on Au at y/s^N ~ 200 GeV at 0-10% 
centrality, within the kinematic domain specified by 

Ptjet,min = 2 GcV, Ptjet.max — 3 GcV, 

and identified ridge particles with ptmin = 1-5 GeV < pt < ptjet- (24) 

In the momentum kick model, the ratio of the ridge particles within the kinematic domain (j24p as defined by the 
measurement is given by 



ffXt!r.r Pjet{Ptjet)Ptjetdptjet S^^J^l P^Pt " q)ptdpt 
\-Ra/K'>} ridge — pptjet.max r, '/ ^ 1 rPfjet □ '/ ^ 1 ■ \^^) 

ipt/et,™„. Pjet[Ptjet)Ptjetdptjet i^^rr^.n P'<i ^P* ^ 1>Pt^Pt 



We shall use hadron-parton duality and assume the equivalence of the hadron mass and the parton mass. The 
transverse momentum distribution of the A-type species in the above equation is given by 



m? 



Ptdpt \/W+ 
where Nx is the total number of the produced A-type parton in the medium. 



Nx = I ^iPt) Ptdpt, (27) 
Ptdpt 
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FIG. 6; (a) Theoretical transverse momentum distributions of inclusive K^^ and A particles based on the distribution Eq. (|30p 
with Nf^a normalized to 1, Na/Nj^o = 0.58, and Tindusive ~ 0.40 GeV. Fig. 6(b) gives the ratio of inclusive R'^^'^j^oipt) as a 

function of pt. The dash-dot, solid, and dash-dot-dot curves are the theoretical ratio -RX/x" (P*) calculated with N^/Nj^a = 0.78, 
0.58, and 0.38, respectively. The experimental data points are from Ref. [^. 



and T is the initial parton temperature at the moment of jet-parton collision, T = 0.47 GeV. For the jet trigger 
transverse momentum distribution, we can use the experimental distribution 

dP 

(X exp{-pyet/T,et} (28) 

Ptjetdptjet 

with Tjet = 0.478 GeV for hadron jet triggers Q. [Note that Tjet pertains to the above form of ptjet distribution 0], 
which differs from our form of the pt distribution, Eq. (|26p . for initial partons.] 

For the evaluation of the {Rk/ k°) ridge as given by Eqs. ([^5)1 and we need to know the ratio of total parton 
numbers, N\/Nk, in the parton medium. We can infer such a ratio from the inclusive data where we have 

Ti^ncl , ^ dN]^"^^ / ptdptjmA, Pt) , . 

' = dN'^^yptdptimKpPt) 

and the inclusive yield is 

— j—{mx,pt) = ; . / .> ■ (30) 

Ptdpt + p\ 

The inclusive temperature parameter appropriate for the medium at the end point of the parton evolution has been 
determined from Fig. 5(a) to be Tinci ~ 0.40 GeV. In Fig. 6(a), we show the transverse distributions of A'" and 
A, normalized to = 1 and Nf^/Nj^o = 0.58. By taking the ratio of the two types of particles at different 

transverse momenta in Fig. 6(a), we obtain solid curve of i?X/l:o(ft) in Fig. 6(b). We also calculate W^fj^o{pt) for 
the ratios of Na/Nj^o ~ 0.38 and 0.78, shown as the dash-dot and dash-dot-dot curves in Fig. 6(b). Comparison of 
i?™y'^o(pt) experimental data points with the three different predictions using different N\/Njio ratios indicates that 
Na/N^o = 0.58 gives a good description of the experimental inclusive ratio R™^j^o{pt) for < 3 GeV. The region of 
Pt > 3 GeV involves additional fragmentation mechanisms for baryon and meson production, and cannot be described 
by the above equation of nit scaling. Fortunately, the kinematic domain of interest lies in the region of pt < 3 GeV. 
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Carrying out the integrations in Eq. (|25p and using the total parton numbers ratio N/^/Nj^o = 0.58 determined 
from inclusive data of Fig. 6(b), we obtain (RA/K»)ridge = 0.71 within the kinematic domain specified by Eq. (|24p . 
Within the experimental error, this theoretical ratio for ridge particle in the momentum kick model is consistent with 
the observed measurement of (R/^/i^o) ridge = 0.81 ± 0.14. The corresponding value for the jet is 0.46 ± 0.21, which is 
smaller than {R\/ ko) ridge- 

VII. OTHER PREDICTIONS OF THE MOMENTUM KICK MODEL 

The momentum kick model is based on simplifying idealizations. The model needs to be tested and improved by 
comparing its predictions with experimental measurements. 

We have assumed that the initial rapidity distribution is in the form of a Gaussian distribution with a standard 
deviation Uy. A distribution with Uy = 5.5 appears to give a good description of the measured ridge pseudorapidity 
data up to jAr^j < 1.7. It is also possible that the shape of the initial rapidity distribution may be non-Gaussian 
or multi-center in nature. It is therefore useful to obtain the predicted distribution at large pseudorapidity, for a 
Gaussian initial rapidity distribution. 

For definiteness, we take the trigger jet distribution as given by Eq. ([18]), corresponding to the experimental jet 
acceptance of the STAR Collaboration around r}jet ~ 0. We calculate the pseudorapidity distribution of the associated 
particles for this trigger jet distribution. The solid curves in Figure 7 shows the predictions from the momentum kick 
model for q = 0.8 GeV, ay = 5.5, and T = 0.47 GeV, calculated for pt — "2 GeV. The fall-off of the ridge distribution 
is gradual and has a slope different from that in the smaller Arj region around A77 ^ 0. The decrease is rather slow 
as a function of Ary, decreasing by about 30% as A77 changes from A77 = 1.7 to A?] = 5. 




FIG. 7: The yield dN / dAridAcpptdpt obtained in the momentum kick model for the description of only the ridge component, 
calculated for pt = 2 GeV with q = 0.8 GeV, ay = 5.5, and T = 0.47 GeV, normalized to the yield at At] = —1.7. The solid 
curve is for dNjct/drjjet ~ 9(0.85 — \rjjet\) /1.7 and the dashed curve is for dNjet/drijet = S{rijet — 3) 

Previously, STAR has attempted to measure the associated particles at forward rapidities. They indeed observed 
a hint of the ridge effect at forward rapidity although the systematic uncertainty is large [13, [3 ■ It will be of great 
interest to make a quantitative comparison so as to probe the initial rapidity distribution in the forward region. 

Another interesting question is to inquire what kind of associated particle distribution will be expected for a forward 
jet trigger, say, at rjjet = 3. The dashed curve in Fig. 6 shows the pseudorapidity distribution of the associated particles 
as a function of the pseudorapidity relative to the jet pseudorapidity for rjjet = 3. We observe that the peak of the 
dN/dArj distribution of the associated particle is shifted and is located at Ai] ^ —2.2 (corresponding to ryLab ^ 0.8). 
The shape of the distribution is not symmetrical with respect to the peak and the magnitude of the distribution at 
the peak is small compared with that for the case with the jet trigger at rjjet ~ 0. 

Figure 8 shows the 3-D associated particle distribution for a trigger jet with rjjet — 3, calculated for pt = 2 GeV 
with q = 0.8 GeV, ctj, = 5.5, and T — 0.47 GeV. We observe that the ridge is now not in the Arj direction as in the 
case of jet trigger 77 case, but in the A(f> direction. The peak of the ridge is shifted and located at A77 ^ —2.2, as 
mentioned previously. Although the collided parton gains a momentum kick along the jet direction, the pseudorapidity 
of the peak is not at Arj = 0. It is shifted and appears at A77 ^ —2.2 because the longitudinal momentum imparted 
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on the partons is limited and has a magnitude of only q = 0.8 GeV, in the direction of the jet. This momentum kick 
shifts the parton longitudinal momentum of the partons only by about 0.8 unit, resulting in a Arj ~ —2.2 relative to 
the incident jet of rjjet ~ 3. 

Another question can be raised on the behavior of low-p^ partons in the momentum kick model. We expect low-p^ 
partons to be present at the moment of jet-parton collision and these partons can collide with the jet. Under the 
action of a momentum kick, the initial parton momentum is related to the final parton momentum by 

= P/ - qejet. (31) 

For simplicity, we can focus our attention at final partons at {A4>f,Arif) ~ (0,0) with a trigger jet at i]jet ~ 0, as 
other kinematic regions can be similarly analyzed. Then, the magnitude of the initial parton transverse momentum is 

Pti = \ptf-q\, (32) 

which has a minimum of zero at pff = q and it increases for Ptf > q and pff < q. In the momentum kick model, the 
final momentum distribution is given by the momentum distribution of the initial parton. One therefore expects that 
the final (observed) transverse momentum distribution of ridge particles has a peak at p/f = q, decreasing on both 
sides for Ptf > q and Ptf < q- Because q has been found to have the value of 0.8 GeV, we therefore expect that the 
transverse momentum spectrum of ridge particles associated with the near-side jet will have a peak at ~ 0.8 GeV 
at(A</)/,A77/)~(0,0). 

The above prediction of the momentum kick model is based on the idealization of parton-hadron duality for which 
the momentum and energy loss due to the action of picking up a sea quark or antiquark, or emitting a soft gluon, 
can be approximately neglected. For low pt partons. these momentum and energy loss in the hadronization process 
may need to be corrected and accounted for, leading to modifications that will likely smear and shift the predicted 
peak of the transverse momentum distribution a.t pjt ^ q. How the hadron-parton duality will be modified for these 
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low pt partons will need to be investigated both experimentally and theoretically. In this connection, it is interesting 
to note that the experimental transverse spectra, dN/dpt, of particles associated with the near-side jet in the low 
Pt region below 1 GcV in central collisions is relatively flat, in contrast distinction to the exponentially- increasing 
dN/dpt spectrum of inclusive particles and the dN/dpt spectrum of particles associated with the away-side jet, as 
shown in Fig. 3 of [l|. These data of particles associated with a near-side jet in [l[ contain both the jet and the 
ridge components. It will be of great interest to separate out the near-side jet and the ridge components for low pt 
associated particles, to see whether a ridge exists and whether there is any evidence of a momentum kick suffered by 
the initial partons in producing these observed hadrons with low transverse momenta. 

VIII. CONCLUSIONS AND DISCUSSIONS 

The STAR Collaboration has observed a Aip-Arj correlation of particles associated with a jet in RHIC collisions 
P, 0, S 01 S 0- The correlations can be decomposed into a near-side component as remnants of the trigger jet 
at (A0, Ar]) ~ (0, 0) and a ridge particle component at Acf) ^ with a broad ridge structure in A77. These two 
components have very different characteristics. The ridge particles bear the same "fingerprints" as those of inclusive 
particles, including their particle yields increasing with increasing participant numbers and having nearly similar 
temperatures. These characteristics suggest that the ridge particles originate from the same material of the produced 
partons of the dense medium, which later also materialize as inclusive particles. 

The A0 ~ correlation of the ridge particles with the trigger jet suggests further that the ridge particles and 
the jet are related kinematically. It is therefore reasonable to propose the momentum kick model in which the ridge 
particles are identified as medium partons which suffer a collision with the jet and acquire a momentum kick along the 
jet direction. After the collided partons materialize as ridge particles and escape from the surface without additional 
collisions, they retain the collided parton final momentum distribution. The yield of the ridge particles associated with 
the jet therefore will depend on the momentum kick and the initial momentum distribution of the collided partons 
before the jet-parton collision. 

To gain important insights into the ridge phenomenon, we idealize the momentum kick model by introducing as 
few parameters as possible. The relevant quantities are then the magnitude of the momentum kick q along the jet 
direction imparted by the jet to the collided parton, and the initial parton momentum distribution represented by 
the rapidity width parameter ay and the transverse momentum temperature T. 

Under the action of a jet-parton momentum kick, a peak structure in Ac/) arises. For the same final parton 
transverse momentum pt / and various A(f> values, the jet-parton collision samples a smaller magnitude of initial parton 
transverse momentum pu at A(j) = but it samples a larger magnitude of initial parton transverse momentum pu at 
A(f) = n. As the initial transverse momentum distribution decreases rapidly with the initial transverse momentum pu 
as exp{~ ^ym?^i^pf^/T} /rriti, there are more collided partons at Acj) = than at Ac/) = tt, for the same observed final 
transverse momentum ptj. The case of azimuthal angles between Acj) = and Acj) = tt gives a momentum distribution 
in between these two limits, resulting in a peak structure in A(f> centered at A(f> = 0. 

This width of the distribution along the Acj) direction is sensitive to the magnitude of the momentum kick q. A 
small value of q will lead to a broad structure in A0. A large value of q will lead to a narrow structure in A0. The 
experimental data suggest a a value of the momentum kick q of 0.8 GeV. As there is much that is not known about the 
non-perturbative properties of the medium and the collision processes, the experimental extraction of the jet-parton 
momentum kick provides useful information concerning the jet-parton collision and jet energy loss. 

While the peak structure along the Acj) direction at Acj> = arises predominantly from the momentum kick, the ridge 
structure along the A77 direction in the Acj>-Ari plane on the other hand reflects the initial rapidity distribution dN/dy 
at the momentum of the jet-parton collision. Thus, if the momentum kick model is indeed the correct mechanism, 
the ridge structure associated with the near-side jet may be used to probe the parton momentum distribution at the 
moment of the jet-parton collision. 

Previous measurements of inclusive particle rapidity distribution at RHIC for y/sj^N ~ 200 GeV gives a width 
parameter Gy = 2.3 which however leads to too steep a ridge slope in the momentum kick model to be favored by the 
experimental ridge distribution. The rapidity width ay ~ 5.5 extracted from the momentum kick model appears to 
be greater than the rapidity width extracted from the inclusive particle rapidity distribution. 

It is important to note that the rapidity width Uy extracted from the momentum kick model measures the rapidity 
width CTj^(JPC) at the moment of the jet-parton collision, where JPC stands for "jet-parton collision". The jet-parton 
collision occurs early in the nucleus- nucleus collision. The rapidity width ay measured by the inclusive particle 
distribution is the asymptotic rapidity width (Tj,(t — > 00) at the end point of the nucleus- nucleus collision. 

Not much is known experimentally about the evolution of the rapidity distribution of partons as a function of time. 
Nevertheless, certain gross features can perhaps be inferred from general considerations, as depicted schematically 
in Fig. 9. At the onset of the nucleus-nucleus collision at t = in the collider frame, the partons have rapidity 
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dN/dy 




t = 




t = t^>tj>0 





FIG. 9: Possible evolution scenario of the parton rapidity distribution dN/dy as a function of time. 



distributions centered at the rapidities of the two coUiding nuclei, each distribution having a rapidity width because 
of the fcrmi motion of the partons in the hadrons inside the nucleus. At a subsequent time t = ti, the partons will 
thermalize and the rapidity distribution will evolve from a two-center distribution into an overlapping three-center 
distribution, with the thermalized component at zero rapidity (Fig. 9). The distributions on the two sides will move 
towards zero rapidity and will diminish their magnitudes, while the central distribution will gain in magnitude. The 
three-center distribution will eventually merge into a single distribution at times t — t2 and t = in Fig. 9. In this 
scenario, the width (Ty(JPC) should be larger than the asymptotic width ay{t oo), as the rapidity distribution at 
the moment of the jet-parton collision may only be in the early stage of the rapidity evolution from the two-center 
distribution to an overlapping three-center distribution and a merged single distribution. Because of the complicated 
dynamics that enters into the evolution of the early rapidity distribution, it is possible that the rapidity distribution 
at this stage may be non-Gaussian in shape. The determination of the full shape of the initial rapidity distribution 
will need the measurement of associated ridge particles at large values of lAr^j. 

In conclusion, we find that the ridge structure in the Acp-Arj correlation associated with a near-side jet [U, S 0, S @| 
can be explained in terms of the momentum kick model in which the ridge particles are identified as medium partons 
which suffer a collision with the jet and acquire a momentum kick along the jet direction. If this is indeed the correct 
mechanism, the near-side jet may be used to probe the parton momentum distribution at the moment of jet-parton 
collision, leading to the result that at that instant the parton temperature is slightly higher and the rapidity width 
substantially greater than corresponding quantities of their evolution products of inclusive particles at the end point 
of the nucleus- nucleus collision. 
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